Introduction
method to determine total Mg 2+ content in lymphoArterial hypertension is a common cardiovascular cytes of normotensive and essential hypertensive risk factor. Changes in Mg 2+ metabolism have been patients, offering advantages for routine measureimplicated in the pathogenesis of hypertension. [1] [2] [3] [4] ments as compared to other analytical techniques Whereas plasma Mg 2+ concentrations have often (eg fluorescent dye techniques using mag-fura-II). 13 been investigated, comparatively few data on total Many attempts have been made to clarify the natintracellular Mg 2+ concentrations are available. [5] [6] [7] [8] [9] ure of the underlying cellular defect. Principally Furthermore the role of intracellular Mg 2+ content in either a disturbed transmembranous Mg 2+ transport essential hypertension is also controversially disthrough one of the several Mg 2+ transport systems, cussed. Decreased intracellular free Mg 2+ concenor shifts of intracellular Mg 2+ between the cellular trations in erythrocytes of essential hypertensive compartments come into account. In the latter situpatients have been described, whereas other authors ation, total intracellular Mg 2+ would remain were unable to confirm these findings.
10-12 These unchanged. Therefore, in addition to studies on free different results in intracellular Mg 2+ content in intracellular Mg 2+ , measurements on total Mg 2+ conessential hypertension may be due to various anatent are required to elucidate the principal source of lytical techniques and different kinds of cell models. lowered intracellular Mg 2+ .
tial hypertensive patients were investigated. None of In a similar way, lymphocytic protein content was determined according to Bradford's method. 15 There the patients had received antihypertensive, cardiovascular or diuretic treatment for at least 6 weeks was no significant difference in lymphocytic protein weight (mean ± s.d.) in the two groups studied. Lymprior to the study. The clinical data of the patients are shown in 2+ . Lymphocytes were obtained from 20 ml heparinized blood according to previously absorption spectroscope (Thermo Jarrell Ash Video 12, Thermo Jarrell Instrumentation Laboratory, Anddescribed methods. [16] [17] [18] Fluorescence measurements of cytosolic free magnesium concentration in intact over, MA, USA).
14 Ten to twenty millilitres of heparinized blood were drawn from each patient and lymphocytes were performed using mag-fura-II-acetoxymethylester (mag-fura-II-AM, Calbiochem, Bad thereafter centrifuged at 2500 g. The fluorescence intensity (F) of 1000 l lymphocyte suspension (1 × 10 6 cells/ml) in a thermostated similar in the lower and upper range of the calibration curve. Lymphocytes were obtained from quartz cuvette with constant stirring was measured in a fluorescence spectrophotometer model F-2000 20 ml heparinized blood. Briefly, blood was centrifuged at 240 g for 15 min and the upper two-thirds of (Hitachi Ltd, Tokyo, Japan) using the ROM Board (251-0250) (Hitachi Ltd). The light source was a 150-the supernatant were aspirated. Lymphocytes were isolated by layering 5 ml of diluted blood (1 : 1 W xenon lamp with ozone self-dissociation function. Monochromators were large stigmatic concave vol : vol with isotonic NaCl) on 3 ml of Lymphoprep (Boehringer Mannheim, Mannheim, Germany; 5.6% gratings having 900 lines/mm, used on both excitation and emission sides. The wavelength drive wt/vol Ficoll; density 1.077 g/ml) and centrifuged at 240 g for 20 min. The lymphocyte interphase was motors and slit control motors were operated by the computer. The wavelength accuracy was better than carefully aspirated, washed three times in isotonic NaCl by centrifugation at 400 g for 5 min, and resus- lengths of 340 nm and 400 nm (bandwidth 10 nm), and emission was collected at 510 nm (bandwidth 10; pH 7.4 Then in the sample obtained, Mg 2+ concentration was determined directly by atomic 10 nm). The fluorescence excitation ratio at F340/400 nm was calculated and remained constant absorption spectroscopy. 14 during the measurements. The complete hydrolysis of mag-fura-II-AM to mag-fura was judged by the of mag-fura-II from the cells, the lymphocyte susage (years) 48.6 ± 13.9 52.8 ± 8.7
pension was centrifuged at 11 000 g for 3 min, and sex (m/f) 9/9 9/10 the fluorescence intensity of the supernatant was orescence intensity of the supernatant was less than 10% of the fluorescence intensity of the whole lymphocyte suspension. The calibration of the fluorescence signal in terms of cellular magnesium was performed as reported earlier.
9 Maximum fluorescence was observed after permeabilization of lymphocytes by the addition of 200 mol/l digitonin (Sigma, Deisenhofen, Germany). Minimum fluorescence was obtained after addition of 5 mmol/l ethyleneglycol-bis-(aminoethyl-ether)-tetra-acetic acid (EGTA). Additional experiments showed that higher concentrations of digitonin or EGTA did not significantly influence maximum or minimum fluorescence, respectively. The ratio (R) of the measured fluorescence values at 340 nm and ations and changes in the dye content of the cells, eg, due to bleaching or leakage. Cellular free magnesium was calculated according KD was determined using the Hanes plot as to the standard equation reported by Grynkiewicz described by Jung et al. 25 et al:
Statistical analysis where R min stands for the ratio in magnesium and Statistical analysis was performed using ANOVA, calcium-free solution, R max for the ratio at magnesdata are mean Ϯ s.d., P values below 0.05 were conium and calcium saturation, and K for 1.5 mmol/l* sidered significant. The reported P values are two-F min /F max , the latter representing the fluorescence tailed. minimum and maximum at 400 nm excitation. KD of mag-fura-II was set to be 1.5 mmol/l as described
Results

earlier.
13 As reported, typical physiological concentrations of cytosolic free calcium from 100 nmol/l up In 18 normotensive and 19 essential hypertensive to 1 mol/l do not interfere with measurements of patients, plasma and free (platelet and lymphocytic) cellular magnesium using mag-fura-II. 21 Extracellular and total intracellular (lymphocytic) Mg 2+ concenfluorescence was quenched using 50 mol/l MnCl 2 .
trations were determined. In plasma Mg 2+ concentrations there was no sigFree intracellular Mg 2+ in platelets: Blood platelets nificant difference in normotensive (0.92 ± 0.07 were isolated from heparinized human blood by difmmol/l) and essential hypertensive patients (0.88 ± ferential centrifugation. 22 The cytosolic free magnes-0.07 mmol/l) (mean ± s.d.). Plasma Mg 2+ concenium concentration i Mg 2+ was measured after incutrations were found in the normal range between bation of platelets with 10 mol/l mag-fura 2-0.8-1.2 mmol/l (Figure 1 ). acetoxymethylester (Calbiochem) and 0.1% nonIn patients with essential hypertension, total ionic detergent Pluronic F-127 (Molecular Probes) for intralymphocytic Mg 2+ content was significantly 60 min at 37°C. After centrifugation at 240 g for 5 min lower (0.07 ± 0.05 mmol/g lymphocytic protein) as to remove extracellular dye, the platelets were resuscompared to controls (0.11 ± 0.04 mmol/g lymphopended in Hank's balanced salt solution, containing cytic protein) (P Ͻ0.05) ( The fluorescence intensity of 1000 l of dyeloaded platelets was measured using a fluorescence spectrophotometer F2000 (Hitachi Ltd) at 500 nm emission with excitation wavelengths of 340 nm and 400 nm. After subtraction of the autofluorescence of dye-unloaded platelets for each wavelength, the F340/F400 fluorescence ratio was calculated. The calibration of i Mg 2+ was done according to established methodology.
9,13,23, 24 The maximum fluorescence intensity (F max ) was obtained after addition of 250 mol/l digitonin; the minimum fluorescence intensity (F min ) was then obtained after addition of bis-aminoethylglycolether-N,N,NЈNЈ tetraacetic acid (EGTA). , quenching of extracellular fluorescence using which is to be preferred since it is the free ion that 50 mol/l MnCl 2 , resting i Mg 2+ in lymphocytes was is active. Furthermore the determination of total 0.40 ± 0.09 mmol/l in patients with essential hyperintracellular Mg 2+ content can give information tension and 0.33 ± 0.08 mmol/l in control subjects, about intracellular disorders as compared to cellular also showing no significant difference.
free Mg 2+ concentrations. [26] [27] [28] In platelets free Mg 2+ concentrations were not To clarify the nature of the underlying cellular found of significant difference in the control and defect in primary hypertension both free and total hypertensive group (0.52 ± 0.23 vs 0.47 ± 0.27 Mg 2+ concentrations have to be considered. As our mmol/l) (Figure 4) . results show, it seems likely that a specific defect Within the two groups, there was no significant in Mg 2+ transport systems together with disturbed correlation between free and total intracellular and buffering systems seems to be involved in the pathoplasma magnesium concentrations and blood pressgenesis of primary hypertension. [29] [30] [31] [32] [33] [34] [35] [36] [37] In essential hypertensives, Resnick et al are complicated by the fact that the volume of these found decreased intracellular free Mg 2+ concencells is difficult to assess. On the other hand, trations in red blood cells as estimated by nuclear measurements of cytosolic free Mg 2+ by the fluormagnetic resonance spectroscopy. 10 Analogous finescent dye, mag-fura-II circumvent this difficulty, dings were reported in the spontaneously hypertenbut can only be done in fresh material, thus obviatsive rat. 38 Thus, an intracellular Mg 2+ deficiency and possibly a defect in cellular Mg 2+ transport could play a pathogenetic role. On the basis of experimental data, the mechanisms underlying the Mg 2+ -induced vasodilation may be: (a) a modification of the response to vasopressor hormones; and (b) an interaction with cellular Ca 2+ handling. 39 contain different cytosolic buffering systems.
